Abstract. The beginning of the innovation process also known as Front End of Innovation (FEI) is an important contributor to the successful development of new products and the business success. The present study aims at giving an overview of how the FEI concept has been handled over the years, by identifying the focus of the research conducted in this domain knowledge. To this end, this study unfolds an encompassing perspective by developing an analysis of existing publications against two FEI Reference Models. This analysis comprised of the compilation, selection, and review of the content of 169 publications concerning the Front End of Innovation. The period of analysis covered all years until 2015. Evidence shows that this topic has received greater attention in the recent years both regarding depth and the number of publications. However, there are still pending gaps in the literature that are highlighted in this paper. The topics addressing organisational issues were the ones that received more attention.
Introduction
Despite considerable investment in New Product Development (NPD), success rates of NPD are generally below 25% (Evanschitzky et al., 2012) . Any firm aiming at competing on innovation needs to be proficient in all phases of the NPD process (Khurana and Rosenthal, 1998) . This process is typically divided into three phases: The Fuzzy Front End (FFE) ending with the so-called Concept Development, the New Product Development (NPD) process and the Commercialization (Koen et al., 2002) . FFE is also known as Front End of Innovation (Martinsuo and Poskela, 2011) . In this paper, we will use this term. The early phase of innovation requires attention since it is recognised as an important driver of positive results for new products and for the overall success of the business (Kock et al., 2015) . In his paper on the impact of front-end innovation activities on product performance, Markham shows that the Front-end success is the strongest independent predictor of all of the NPD performance variables. He further shows how the first stages of the innovation process are critical because the front-end performance impacts product success, time to market, market penetration, and financial performance (Markham, 2013) . In this context that stresses the relevance of the FEI, this review aims at providing an overview about how the FEI concept has been unfolding over the years by identifying the focus of the research conducted in this domain knowledge. We follow the integrative literature review approach as defined byTorraco, as "a form of research that reviews, critiques, and synthesizes representative literature on a topic in an integrated way such that new frameworks and perspectives on the topic are generated." (Torraco, 2005, p.356) . As a result, this integrative literature review shows the diversity and depth of the topics approached in this field.
The goal is to demonstrate that the FEI literature remains highly dispersed (Eliens and May, 2015) and that the FEI is comparatively less studied than the NPD and Commercialization phases (Koen et al., 2014) . This study offers an encompassing perspective by building on two FEI Reference Models. The analysis is based on the compilation, selection, and review of the content of 169 publications concerning the Front end of Innovation. The search included all papers published in SCOPUS until the end of 2015.
The analysis followed a framework that integrates two theoretical models, the socalled "New Concept Development Model" proposed by (Koen et al., 2002) and the "Three Phase Front End Model" proposed by Rosenthal, 1997, 1998) . The paper is organised into six sections. Following the introduction laid down under Section 1, section 2 offers a brief overview of the literature on the topic of the FEI. The research method is presented in Section 3, followed by the presentation of results in Section 4 and their discussion with the concluding remarks in Section 5. Section 6 tackles the limitations of the work.
Literature review
Innovation is an important issue for organisations and countries. Technological Innovation has a disruptive character that promotes differentiation for organisations, which may enable them to have a distinctive position in the competitive market (Schumpeter, 1988) . It is worth pointing out that when we think about technology, we look at it as a means that can be used to accomplish a certain end (Eckhardt, 2013) . In fact, there are studies which suggest that innovation may lead organisations to a prominent position (Banbury and Michell, 1995) . In this context, new products play an important role, as they may generate new revenues and new markets (Tidd et al., 2008) . Innovation stems from ideas that are the result of a creative or rational thinking process. This process may have the involvement of several actors, such as employees, customers, suppliers or universities organised as individuals or groups (Boeddrich, 2004) . Moreover, innovation is a concept that depicts not only something that is new but also that is economically viable, technically feasible and expected to be successful in the market (Mueller and Thoring, 2012) .
Innovation management plays, therefore, an important role in companies seeking to find innovative products and business opportunities. This importance is, indeed, about learning how to find the solution that best suits the problem of turning ideas into a successful reality. Within specific organisational circumstances, organisations will always strive to do it the best possible way (Bessant, 2003) . FEI activities play, thus, a very important role in this process, as they may provide value and increase the amount and probability of success of the developed concepts aiming at future commercialization (Koen et al., 2002) . The in-depth understanding of the Front End of Innovation can be seen as the ideal starting point for innovation, as FEI can foster the coordinated process of product or service concept development (Wagner, 2012) .
Research shows that FEI optimization and improvement lead organizations to positive results by increasing chances of development of innovation (Boeddrich, 2004; Koen et al., 2014; Koen et al., 2014a; Markham, 2013; Stevens and Burley, 2004; Verworn et al., 2008; Williams et al., 2007) . Activities carried out in the FEI have a distinctive nature, being both experimental and often chaotic. In contrast, the NPD stage is more focused, disciplined and goal-orientated with a well-defined project plan (Koen et al., 2002) . MontoyaWeiss and O´ Driscoll (2000) refer to FFE (FEI) as unstructured and Ad-Hoc. Despite the "fuzziness" of this stage, the FEI is the foundation for the generation of successful New Product Development (NPD) (Martinsuo and Poskela, 2011) . FEI also brings about some challenges. Some authors highlight significant different approaches to FEI for promoting radical and incremental innovations in NPD projects (Reid and De Brentani, 2004) . More recent work argues that there are no significant differences (Verworn et al., 2008) . Another debate concerns the benefits of adopting a structured versus a non-structured approach for the FEI process. Recent research has shown the benefit of intensive initial planning and the process-oriented approach (Verworn et al., 2008; Markham, 2013) . The literature review has further unveiled that most published works looking into FEI models and frameworks, include the four references highlighted in It is a front-end approach that links business and product strategy with product-specific decisions.
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For Gaubinger and Rabl (2013) the four models most frequently cited in FEI literature are the "Stage Gate process" (Cooper, 1993) ; the "Three Phase Front End Model" (Khurana and Rosenthal, 1997) ; and the "New Concept Development Model" (Koen et al., 2002) . Therefore, it can be said that the overview presented under Table 1 is by no means comprehensive; however, it does list important and seminal contributions to the conceptualization of the FEI. The next few paragraphs will briefly go through each one of these papers. An important contribution from the Cooper´s model (1993) regards the Concept Test occurring before the final assessment, thus representing the anticipation of important decisions. This model has received improvements over the time through the integration of both lean and agile approaches. The proposed Stagegate process "consists of a set of information-gathering stages followed by go/kill decision gates" (Cooper, 2008, p. 214) . The paper "Integrating the Fuzzy Front End of New Product Development" by (Khurana and Rosenthal, 1997) identifies the important role organisational strategy plays as a driving force in the innovation process. The authors propose a model focused on the linkage between business and product strategy. Moreover, they emphasise the importance of a well-planned portfolio; the existence of an enabling organisational structure; the need to adequately identify customer needs; and the development of a well-defined product concept as a means for a successful NPD.
There is an important contribution from Koen et al. (2002) with the New Concept Development Model. The aim of the work was to provide methods, tools, and techniques suitable for managing the FEI, although, these tools are likely to be selected and used in a heuristic manner (Achiche et al., 2013) . The "NCD Model" proposed by Koen et al. (2002) is composed of three important parts, namely: The Engine, the Controllable Activity Elements, and the Influencing Factors. The first one is related to aspects such as Leadership, Culture and Business Strategy. The Key Elements (inner parts of the model) comprise the Opportunity Identification, the Opportunity Analysis, the Idea Generation and Enrichment, the Idea Selection, and the Concept Definition. At last, the influencing factors are those related to the internal and external environment, namely Organizational Capabilities and the Outside World. According to the authors, all these factors may influence the entire innovation process from the very beginning until the final commercialization phase. The models proposed by Cooper (1988) and by Khurana and Rosenthal (1997) are linear schemes. Over the years, the Cooper´s model has evolved and has gained an iterative nature. In turn, Koen et al. (2002) designed a model with a nature that is fundamentally iterative, trying to address the complexity of this phase.
In the last row of the table, Reid and De Brentani (2004) have been focusing on FEI for radical innovations. As a result, they have proposed a model that aims at dealing with risk more effectively and considering the complexity that arises in disruptive innovations. Their proposal has a major focus on decision-making points. This emphasis on decision making is valuable for organisations, as it provides a configuration that helps the flow of information, regarding the development of a new product. This theoretical model has received contributions and enhancements (De Brentani and Reid, 2012) .
These are seminal works focusing on the early stages of the innovation process. They aim at providing efficiency and efficacy for the FEI. Although valuable contributions have been made so far, there is still room for contributions to this domain of knowledge.
Research method
This research follows the so-called Integrative Literature Review Approach (Torraco, 2005) . This strategy "is a form of a research that reviews, critiques, and synthesizes the representative literature on a topic in an integrated way so that new frameworks and perspectives on the topic are generated" (Torraco, 2005, p, 356) . In other words, an integrative literature review for the FEI allows a summarised review of the topic, provides the means to draw a comprehensive picture of what has been studied so far in the scope of this theme, thus contributing to a consolidated and systematic overview of the area.
Data collection procedures
The data collection process was carried out from the Scopus database, a recognised multidisciplinary scientific database. In what concerns the choice of a database, as both Scopus and Web of Science offer quite similar functionalities and coverage (Öchsner, 2013) , Scopus was chosen since this database exhibited the greatest number of active titles in February of 2014 (Scopus, 2014) . The search included papers published up to 2015. After the classification protocol was put in place, relevant works were found only from 1995 onwards. Results published before 1995 although being considered due to the use of the pair words "Front End" and "Innovation" addressed other contexts, not the management of the predevelopment phase of the innovation process. This search was conducted for the predefined subject areas listed by Scopus as follows: Business, Management, and Accounting; Engineering; Computer Science; Decision Sciences; Economics, Econometrics, and Finance; Social Science; Material Science; Arts and Humanities; and, Psychology. The following areas were excluded from the query:
Energy; Medicine; Chemical Engineering; Physics and Astronomy; Agricultural and Biological Science; Environmental Science; Chemistry; Earth and Planetary Sciences; Biochemistry, Genetics, and Molecular Biology; Health Professions; Nursing; Pharmacology, Toxicology, and Pharmaceutics; Immunology and Microbiology; Mathematics; and, Neuroscience. The search has only considered documents classified as "article." This was done to ensure that all selected works have gone through a peer review process. The database query was made using the following type of field: "Article Title, Abstract, and Keyword." To widen the results of the query the proximity indicator filter was used. For instance, W/n "within." In this case, the query was set up as follows:
"Front end" of W/8 innovation The proximity indicator searches for "innovation" within the following eight words in the text. This search configuration leads to a result with a larger number of selected articles related to the research goal. Figure 1 illustrates the reason why the expression "front end" was used among other possible denominations for this concept. The amount of results found explains that the term "front end" is widely used, as compared with other possible formulations. The term "Fuzzy Front End" is contemplated in the use of the expression "Front End." Moreover, the Scopus database makes no difference in what regards the use of hyphen for "front-end" or "front end." The authors have classified the works according to their contents. Search results were further analysed and classified to select only those papers dealing with topics related to the FEI. In some papers, the expression "Front End (…) Innovation" was not related to FEI but to other issues such as topics addressing the role of design, organisational Front End activities, and Front End engineering concepts. Additionally, papers with no abstract or written in a language other than English were not considered. After the classification procedures, in the final sample includes a total of 169 titles.
Data collection
The theoretical framework for analysing the results was based on the model proposed by Koen et al. (2002) "New Concept Development" (NCD) (Figure 2 ). This approach was chosen as this is the method accepted and used by the Product Development Management Association. For the sake of providing an additional perspective of analysis, the findings were also plotted into the "Three Phase Front End Model" Rosenthal, 1997, 1998) . This model was selected as it provides a wide perspective on the FEI processes while keeping the same definition for "idea" and "opportunity" as the NCD Model. The 169 articles were organised in an electronic spreadsheet. They were systematically organised according to their publication year, title, abstract and publication information. The results were categorised taking into consideration the contents in the abstract. The content of each paper was plotted into an ndimensional classification space featuring components of two frameworks: the "NCD Model"; and the "Three Phase Front End Model." It must be stressed that some papers could be classified under more than one category. These cases were classified considering the dominant approach put forward by the work. For example: a research publication on the "process of generating new-market disruptive innovation (NDI) ideas for products, driven by design and resources" would be classified as "Idea Generation and Enrichment" (IGE) in the "NCD Model". Moreover, as "Pre-phase Zero" (PP0) in the "The Three Phase Front End Model". However, it could have been classified as well into "Organisational Capabilities" (OC) / "Product Development Organization" (PDO) respectively in the two reference models. Out of the total 169 articles, 44 papers offered contributions for the FEI regarded as a framework, a model, a process, a tool or even a methodology. The analytical categories used in this research are shown in Figures 2 and 3. Khurana and Rosenthal (1998) The coding for the categories of analysis used in the classification protocols is illustrated in Table 2 . The acronyms listed below will be used in the classification tables in the following section. 
Results
The analysis shows that increasing attention has been paid to the FEI in recent years. The term "Fuzzy Front End" was coined at the beginning of the nineties, but it has only started to be considered as a consistently increasing trend in the field since 2006. 2012 was identified as the year with the highest number of publications, as illustrated in Figure 4 . Figure 4 illustrates the trend of the 169 publications along the years, depicting a growing number of published papers in this domain of knowledge. It should be noted that this analysis makes no distinction between the type of innovation (incremental or radical) discussed in each paper. 
Analysis Projected over the NCD Model
The multidisciplinary nature of this field of knowledge leads to a scenario where one has a broad number of research topics, some recurrent in many papers, and other topics receiving less attention. Table 3 displays the number of publications per year (line) and per research topic (column). Another topic that received important contributions is the CD -Concept Definition. This activity involves an important task in the process, as it represents the input for the New Product Development and Commercialization phases.
It is now relevant to consider the structure of the NCD Model to analyse the results. Table 4 shows the configuration of the NCD building on the definitions proposed by Koen et al. (2002) . In this context, results show that:
• More attention was given to the OC -Organisational Capabilities, which is part of the Influencing Factors in the NCD Model.
• Controllable Activities are receiving a broader attention in FEI publications (related to topics such as Idea Generation and Enrichment, Concept Definition and Opportunity Identification). The part of the model that has received less attention regarding the number of publications was the Engine, addressing topics such as Leadership, Culture and Business Strategy. The relevance of these topics however has been addressed in a recent study (Koen, Bertels, and Kleinschmidt, 2014) where 197 empirical cases on successful Front End practices were analysed. The study highlighted the importance of senior management commitment, vision, strategy, and resources. As the major contribution regarding the volume of publications is from 2006, Figure 5 illustrates the inner parts of the "NCD Model" showing the number of publications over the last years. 
Analysis Projected over the Three Phase Front End Model
In order to provide a comparative visualisation of the analysed data, the 169 papers were also classified following the framework of analysis proposed by Khurana and Rosenthal (1998) . In this approach, the FEI activities include product strategy formulation and communication, opportunity identification and assessment, idea generation, product definition, project planning and executive reviews. The "Three Phase Front End Model" Rosenthal, 1997, 1998 ) is organised as illustrated in Table 5 . This model emphasises the organisational alignment and the product strategy. The authors further highlight the great value of the interrelationship between activities, which are considered as important as the activities themselves (Khurana and Rosenthal, 1997) . Taking into account this framework of analysis, the result of the analysis of the 169 papers is shown in Table 6 . Based on these results we can state that the parts of the model that have received more attention from 1995 to 2015 were respectively PDO (Product Development Organization) and PP0 (Pre-phase zero). The Product Development Organization is related to an organisation structure, roles, incentives, and norms, which is an important support for the efficiency of the FEI. PP0 is responsible for performing Preliminary Opportunity Identification, Market, and Technology Analysis. In this case, the two most expressive concepts regarding the number of contributions are representing the two parts of the Model, respectively the Foundation Elements and the Front End itself. Concerning the areas that have received less attention, we can mention Product and Portfolio Strategy (PPS), P1 (Phase One) and P0 (Phase zero) which depict a low number of publications. It is in Phase One that feasibility issues and project planning are dealt with. Moreover, it is in Phase Zero that the product concept and definition are shaped. On the other hand, Product and Portfolio Strategy address the need of a clear product strategy and a well-planned portfolio of new products. Figure 6 illustrates the inner parts of the "Three Phase Front End Model" Rosenthal, 1997, 1998) Table 3 and Figure 4 ). This could suggest that an in-depth understanding of the FEI phenomena may have fostered the need to open up research into new directions. In the context of the NCD Model classification framework, the substantial lack of contributions to topics related to Leadership, Enabling Sciences and Technologies, Culture, Idea Selection and Opportunity Analysis is clear. The relative weight of these components is illustrated in Figure 7 as percentages, where Leadership and Idea Selection get only 1%, the lowest value. about the feasibility of the developed concept; and the issues related to project planning. Figure 8 pictures the relative weight of the different "Three Phase Front End Model" components. In both models, the topics addressing organisational issues were the ones that received more attention. Organisational competencies are indeed important as they may be considered as the means of providing the basis for FEI activities. The findings show that the FEI has received more attention in recent years.
Concerning the "NCD model", the parts more frequently addressed in the research were "Organisational Capabilities", "Idea Generation and Enrichment", and "Opportunity Identification". These results are aligned with the findings resulting from the projection into the "Three Phase Front End Model" that reveal more attention given to "Product Development Organisation" (PDO) and "PrePhase Zero" (PP0). This latter phase covers the "Preliminary Opportunity Identification," and the "Market and Technology Analysis". The topics that were addressed less frequently in the literature in the context of the "NCD Model" were Leadership, Idea Selection, and Enabling Sciences. These topics are not explicitly handled in the "Three Phase Front End Model" and would likely fall into "Product Development Organisation" (PDO). The higher granularity of the "NCD Model" leads to a less concentration of publications per topic, in contrast to Table 6 where the lower granularity of the "Three Phase Front End Model" leads to a less unbalanced distribution of publications in each phase. Evidence shows that the FEI has received greater attention in recent years both regarding depth and number of publications. In this context, and beyond the analysis conducted in this literature research, there are still pending gaps, namely:
• Regarding the applicability of modern approaches in FEI, Gonzáles (2014) uncovered insufficient findings for the use of agile project management; • There is little research focusing on the Management of this phase of the innovation process (Robins and O'Gorman, 2015); • Eliens and May (2015) highlight the high number of publications related to tools and methodologies. Although these works bring some insights to the field, most of the contributions address the effect that a specific tool has on a particular FEI process. As a result, many publications do not generate a substantial amount of knowledge for the FEI research field as a whole. There is a lack of contributions regarding the so-called process activity models (mapping of the entire FEI process).
• The FEI requires a holistic approach and an innovative mindset. Possible trends worthy of investment are related to the use of ICT technologies. For instance "software to explore and track technological trends, nethnographic procedures to observe user behaviour and collect user ideas online, technical advancements to increase the validity of virtual prototyping" (Gassmann and Schweitzer, 2013, p. 302 ). An example of such research effort may be found in Barradas and Rodrigues (2016) . The "front-end performance favourably and independently impacts overall product success, time to market, market penetration, and financial performance" (Markham, 2013, p. 77) . This stresses the relevance of building a comprehensive body knowledge in the area of the Front-End Innovation as a multi-disciplinary research domain. It would be beneficial if future research could promote a holistic understanding of the Management of the entire Front-End Innovation processes, across the different "NCD Model" perspectives, thus resulting in an increased innovation process performance. This might be particularly helpful for Entrepreneurs and Companies alike, who seek to improve their innovation capabilities.
Limitations of this research
The limitations of this research result from:
• The restrictions on the survey conducted in the database related to the use of the term "Front End" of Innovation which may have left out some other terms that represent this phase of the innovation process.
• The survey was performed in one database only; however, comparing Scopus with Web of Science, the former is the one with the largest breadth of coverage and number of journals (Öchsner, 2013 ).
• The analysis did not take into account environmental issues, organisational structure and organisational decision making (Child, 1972 ).
• The classification was made using the "NCD model" and "Three Phase Front End Model" frameworks and represents the best fit resulting from the author's perspective. Despite this, the author tried to reduce possible causes for any interpretation bias. To this end, this classification was reviewed in three different moments in time separated by a period of 3 to 4 months. All the classification revisions were made against the same framework of analysis. In future analysis, it could be interesting to use an approach based on a consensus classification process.
